This randomized controlled trial was designed to evaluate whether the combination of low dose oral midazolam (0.25 mg/kg) and low dose oral ketamine (3 mg/kg) provides better premedication than oral midazolam (0.5 mg/kg) or oral ketamine (6 mg/kg). Seventy-eight children of ASA physical status I or II scheduled for elective ophthalmic surgery were randomly divided into three groups and given premedication in the holding area 30 minutes before surgery. Two subjects from each group vomited the medication and were excluded, leaving 72 subjects for further analysis.
The main aims of preanaesthetic medication in children are to reduce anxiety associated with the unfamiliar environment, facilitate the separation of the child from their parent (if required) and allow smooth induction of anaesthesia. Both oral midazolam and oral ketamine fulfill many of these characteristics and are useful for preanaesthetic medication in children [2] [3] [4] [5] . Oral midazolam premedication produces good or excellent results in only 60% to 80% of cases while oral ketamine when used alone as premedication in a dose of 6 mg/kg was found to have undesirable effects, such as excessive salivation, hallucinations and dysphoria 6 . The combination of midazolam and ketamine has been found to be more effective sedation than either used alone either rectally 7 or orally 8, 17 .
With the intention of maintaining the anxiolysis provided by midazolam, and adding the sedative and analgesic properties of ketamine, while reducing undesirable side-effects, we evaluated, in a prospective randomized double-blind trial, whether the combination of midazolam 0.25 mg/kg and ketamine 3 mg/kg provides better premedication than ketamine 6 mg/kg or midazolam 0.5 mg/kg orally in children undergoing elective ophthalmic surgery. The combination of midazolam and ketamine has previously been compared with midazolam or ketamine alone 8, 17 . We wished to investigate whether lower doses of each agent in the combination might have the advantages of improved reliability with faster recovery and fewer adverse effects compared to the single agents. By choosing doses for the combination which were half the dose used for the individual agents, we hoped to more clearly demonstrate possible synergism, if the combination of two "half" doses had a greater effect than the individual "full" doses.
PATIENTS AND METHODS
After hospital ethics committee approval and parental consent, we studied 78 children of ASA physical status I or II scheduled for elective ophthalmic surgery. The exclusion criteria were ASA III or higher, children with upper respiratory tract infection, severe mental retardation, increased intracranial pressure and children already receiving sedatives or antiepileptic drugs. Children were allocated to one of the three study groups using computer generated random numbers. Study group one received oral ketamine 6 mg/kg (K), group two received oral midazolam 0.5 mg/kg (M) and study group three received a combination of oral midazolam 0.25 mg/kg and oral ketamine 3 mg/kg (M+K). The medications were prepared and mixed with 50% dextrose up to a maximum volume of 0.3 ml/kg and administered 30 minutes before surgery by an anaesthesiologist in the holding area. The children who refused to swallow the drug or vomited the medication were excluded from the study. The children were observed by another anaesthesiologist who was blinded to the medications given to children in the holding area. Heart rate, blood pressure, respiratory rate and arterial haemoglobin oxygen saturation (SpO 2 ) were noted every 5 minutes. Sedation state was noted every 10 minutes for 30 minutes using the sedation score devised by Epstein and colleagues 9 ( Table 1 ). The observer also noted the ease and optimum time of separation of the child from the parents every 10 minutes. The time needed to achieve best parental separation and the score at that time were noted ( Table 1 ). The child's response to induction of general anaesthesia was also evaluated ( Table 1) .
The evaluation scales were adopted from published studies investigating paediatric premedication [10] [11] [12] [13] . For preoperative sedation and response to induction, scores of 1 or 2 were considered "bad" and scores of 3 or 4 "good" or "acceptable". A score of 5 was considered a complication and not included as either a good or bad score. For evaluation of parental separation and emergence score, 1 or 2 were considered a "good" score and 3 or 4 "bad".
In all children general anaesthesia was induced using a standardized anaesthesia technique with nitrous oxide and halothane in oxygen with gradually increasing concentrations of halothane up to 4% until the loss of eyelash reflexes. Monitoring was con-tinuous after induction including ECG, SpO 2 , NIBP, end-tidal CO 2 , agent concentration and FiO 2 using a Datex-Ohmeda AS 3. After obtaining intravenous access, vecuronium (0.1 mg/kg) was used to facilitate tracheal intubation. Anaesthesia was maintained with nitrous oxide in oxygen and isoflurane (MAC 1-1.5). Intraoperative analgesia was provided with intravenous pethidine 0.5 mg/kg followed by increments of 0.25 mg/kg as required up to a maximum total of 1 mg/kg to maintain heart rate and systolic blood pressure within 20% of the preoperative level and to maintain adequate depth of anaesthesia. Intraoperative pethidine requirements were recorded in each group. At the end of surgery, residual neuromuscular blockade was reversed with neostigmine 50 µg/kg and atropine 20 µg/kg. After adequate reversal, the trachea was extubated. Emergence characteristics were recorded (Table 1) and patients moved to the postanaesthesia care unit where heart rate, respiratory rate, SpO 2 and blood pressure were recorded until the child was fit for discharge using modified Aldrete criteria 14 . Sedation score was also recorded until the patient was discharged from the post-anaesthesia care unit. Any undesirable side-effects, which could be related to the premedicant drugs, such as nausea, vomiting, hallucination, abnormal behaviour, excessive secretions and sedation were also noted.
STATISTICAL ANALYSIS
Quantitative data from the three groups were compared using analysis of variance (ANOVA), while frequency data were compared using Chi-square, or, in the case of sedation scores at 10 minutes, Kruskal-Wallis non-parametric ranking ANOVA for comparison (as cells containing zero made Chi-square inappropriate for this comparison). Statistical significance was considered to be a P value <0.05. Results were reported as percentage or mean±SD.
RESULTS
Demographic data and distribution of surgical procedure were similar in the three groups ( Table 2 ). The acceptance of the premedication drug was good in all groups. Six patients (two in each group), vomited the drug after ingestion and were excluded from the study. Thus, a total of 78 patients were recruited to produce a total of 72 analysable subjects (24 in each group). In the preoperative period, the SpO 2 , blood pressure, respiratory rate, and heart rate were within normal limits in all three groups and there was no significant difference between them. At 10 minutes after premedication, three (12.5%) of the patients in the M+K group had a good sedation score but none in the other two groups (P=0.05). At 20 minutes 13 (54.16%) of the children in the combination group had a good sedation score, five (20.83%) children in the M group and four (16.66%) in the K group (P=0.008). At 30 minutes there were no significant differences in the sedation score or sedation level (Table 3 ).
There were no significant differences in the parental separation scores in the three groups. It was possible to separate the children from their parents, much earlier in the combination group (mean time= 19±8 min) compared to group M (28±7min) and group K (29±7min) (P<0.001). There were no significant differences in the mean response to induction score, emergence score and intraoperative pethidine requirement (Table 4) .
Recovery, as measured by the time to reach a modified Aldrete score of 10, was significantly faster in the combination group (22±5 min) compared to the midazolam (36±11 min) and ketamine (38±8 min) groups (P<0.001).
In the ketamine-only group excessive salivation occurred in 50% of patients (P<0.05), while the incidence of PONV was similar in all the three groups ( Table 5 ). One group K patient had abnormal behaviour while recovering-talking without any sensible content -and another breathholding. PONV was seen in six patients in the combination group, five in the ketamine group and six in the midazolam group.
DISCUSSION
Induction of general anaesthesia in children requires developmentally appropriate methods to minimize distress at induction and at the time of parental separation (if that is required). Both psychological and pharmacological approaches may be helpful, but neither guarantees success. To minimize adverse psychological sequelae and allow a smoother induction of general anaesthesia, a number of drugs have been tried as preanaesthetic medication by various routes of administration with a variable success rate 3, 7, 9 . The drugs that have been tried include benzodiazepines, opioids, antihistamines, barbiturates, ketamine and various combinations. The combination of oral midazolam and oral ketamine has been tried in varying doses and found to be more effective than the individual agents 7, 8, 17 , which suggests that these drugs may have synergistic effects. To test this hypothesis, we studied the efficacy of the combination of oral midazolam and ketamine in half the dose of each agent when given alone. Oral midazolam is the most widely used premedicant drug in children. It has many of the properties of an ideal premedicant, including a short elimination half-life. However it is not reliable, with reported success rates varying from 60 to 80% 15 . In our study, in the patients who received oral midazolam, good preoperative sedation was seen in 68 % and undistressed separation of the children was possible in 80%.
Oral ketamine has been used with good results and no significant change in haemodynamics, respiratory rate or side-effects 16 . In the present study, oral ketamine, 6 mg/kg was found to provide good sedation in 55% of children and parental separation was good in about 60% of the patients.
The combination of midazolam and ketamine, used with the aim of increasing reliability and minimizing adverse effects, has been previously described. Lin and colleagues compared the effect of the combination of oral midazolam 0.5 mg/kg and oral ketamine 3 mg/kg with oral midazolam 0.5 mg/kg and oral ketamine 6 mg/kg alone in 45 patients. They observed that the combination produced sedation faster with less oral secretions, nystagmus and with a short recovery time 17 . Warner's group also found that the combination of oral midazolam 0.4 mg/kg and oral ketamine 4 mg/kg was more effective than midazolam 0.5 mg/kg or ketamine 6 mg/kg alone 8 . In our trial, the combination of oral midazolam and ketamine each given at half the dose of the individual agent groups, had a faster onset of action, faster time to reach a maximum level of sedation, earlier parental separation time and a faster time to recovery with minimal side-effects than either drug alone. This provides some evidence of synergy between the two agents. There was no difference in the level of pre-operative sedation score, parental separation score and emergence score between the three groups.
In conclusion, this study showed that the combination of oral ketamine 3 mg/kg and oral midazolam 0.25 mg/kg had minimal side-effects and was more effective, faster in onset, and had a more rapid recovery than either oral ketamine 6 mg/kg or oral midazolam 0.5 mg/kg alone.
